Significance and Impact of the Study: There is currently a great interest in producing healthy food in particular that which has an impact in improving the gastrointestinal health such as probiotics, prebiotics and synbiotics. Most of these functional foods are dairy based and have been greatly accepted worldwide. Nevertheless, there has been a need for the development of nondairy probiotic, prebiotic and synbiotic products. This has encouraged food scientists to study the feasibility of applying other fermenting substrates such as cereals for the development of innovative nondairy fermented functional foods. Therefore, in this review we have addressed the significance of applying cereals and their fractions for the development of probiotic, prebiotic and synbiotic beverages. Furthermore, we have presented the importance of including nanoscience and nanotechnology techniques for the creation of fermented cereal beverages that contain specific bioactive nanoparticles. Thus, this work provides the guidelines to promote the development of novel nano-designed fermented cereal beverages that could significantly have an impact on the health of the consumers. 
Introduction
Consumers around the globe are increasingly aware of the relation between nutrition and health. This has led scientific studies to identify food and food components that have special health benefits triggering the creation of functional foods. These are defined as 'foods that in addition to nutrients, supply the organism with components that contribute to the treatment of diseases, or to reduce the risk of developing them' (Prado et al. 2008) . A food marketed as functional implies that it contains additional technologically developed ingredients with a specific health benefit (Sir o et al. 2008) . The largest segment of this market comprises foods designed to improve gut health such as probiotics, prebiotics and synbiotics (Agrawal 2005; Stanton et al. 2005) . Probiotic products are gaining widespread popularity and acceptance throughout the world and are already successful in Japan, the United States of America, Europe and Australia (Sir o et al. 2008) . Among these, dairy-based products are the main segment of this sector, and it is estimated that they account for about 74% of probiotic products market shares (Frost-Sullivan 2007) . Interest in creating nondairy substitutes looking for novel probiotic formulations has progressed to address issues such as lactose intolerance and milk protein allergy, as well as to control cholesterol levels in plasma, and levels of saturated fatty acids, which are a drawback in conventional milk-based products (Stanton et al. 2005; Vijaya Kumar et al. 2015) .
Previous works have established the statement that beverages formulated with fruit and vegetable juices are the promising next class of food matrices to serve as carriers of probiotic bacteria (Camargo Prado et al. 2015; Kandylis et al. 2016) . Cereals are likewise potential viable substrates as they hold nutrients easily assimilated by probiotics (Martins et al. 2013; Herrera-Ponce et al. 2014) . They serve as efficient transporters of lactobacilli through the severe conditions of the gastrointestinal tract, and they can stimulate the growth of single and mixed-culture fermentations of probiotic microorganisms (Charalampopoulos et al. 2003; Charalampopoulos and Pandiella 2010; Rathore et al. 2012) . Cereals could be used to design cereal-based fermented beverages with probiotic characteristics if these formulations fulfil probiotic requirements and have acceptable physicochemical characteristics and organoleptic properties (Salmer on et al. 2015a) .
Prebiotics can be defines as 'food materials comprehended by fibers of natural origin that are not digested in the upper gastrointestinal tract and improve the health of the host by selectively supporting the development and activity of particular genera of microorganisms in the colon, mostly lactobacilli and bifidobacteria' (Patel et al. 2014; Pandey et al. 2015) . Research regarding the importance of prebiotic formulations and their health effects has focused on how cereal materials such as whole grains, barley husks, rye bran, oat milk fibre residues, and arabinoxylan fibres can improve metabolic functions (Damen et al. 2011; Connolly et al. 2012; Berger et al. 2014) . Synbiotics are 'a selective blend of probiotics and prebiotics that have a proven effect of improving the viability of activating the metabolic functions of health promoting bacteria predominantly lactobacilli and bifidobacteria in the upper and lower gastrointestinal tract' (Pandey et al. 2015) .
A novel trend in the design of healthy foods is the use of Nanoscience, defined as 'the study of properties and characteristics that are unique to the nanoscale', through the application of Nanotechnology to develop food grade nanoparticles (FGNP). The concept of engineered nanomaterials has been defined by the European Commission as 'any intentionally manufactured material, containing particles, in an unbound state or as an aggregate or as an agglomerate and where, for 50% or more of the particles in the number size distribution, one or more external dimensions is in the size range 1-100 nm' (European_Union 2011). These materials are of great interest in the food sector as they can be used to design foods with added nutritional value and with properties to prevent illness, and reduce the development of long-term chronic diseases (Morris 2011) . Application areas of this science include organic and inorganic nanoadditives and foods with nanoparticles such as lipid-based nanoencapsulation used as delivery systems for nutraceuticals, enzymes, food additives and antimicrobials (Trujillo et al. 2016) . Some of the main targets in the use of nanoparticles in food industries, such as the segment of cereal-based fermented beverages, can be to improve organoleptic characteristics, increase absorption and intentioned delivery of nutrients and bioactive compounds, and stabilization of active ingredients such as nutraceuticals in food structures (Ranjan et al. 2014) .
Fermented beverages have progressed from traditional natural fermented products, to beverages formulated with functional ingredients to stimulate cardiovascular benefits, and then to fermented drinks that improve the gastrointestinal health and can further evolve to fermented foods designed with specific bioactive nanoparticles. Thus, the aim of the present study was to review the importance of fermented foods designed to improve human health giving special attention to the segment of cereal-fermented beverages. The results of this review should aid future research in this field.
Fermented foods
Fermentation is an antique technique used for the elaboration and preservation of foods which has been known since ancient times. Civilizations have described different fermentation methods that they have applied on a variety of raw materials. Records of these procedures exist since 6000 BC in the Middle East region. Fermentation is considered as 'a desirable effect of the microbial biochemical activity in foods; it is able to reduce the volume of material to be stored, increase the nutritive value and appearance of the food, and perhaps most importantly, inhibit the growth of several microorganisms that cause its alteration and spoilage' (Blandino et al. 2003) . Bread, beer, wine and cheese were created long before the Christian era. Despite the industry having developed high-standard methods of quality and hygiene, the principles of the fermentation processes have hardly changed. In industrialized societies, a variety of fermented foods are very appealing to consumers. Fermented foods have a high demand because of their added value in terms of consistency, colour and nutritional content and especially flavour and taste. In developing countries, fermentation is one of the main options for processing foods, as it serves as an affordable and manageable technique for food preservation (Sybesma and Hugenholtz 2004; Selhub et al. 2014) . Other examples of common fermented foods are yoghurt, kefir and kumys (which are dairy based), pickles, vinegar and a broad range of traditional alcoholic beverages. Moulds, yeast and bacteria are mostly involved in the fermentation process, and as a result of their growth more flavoured, digestible and stable foods are produced. Yoghurt can be considered as the most popular fermented product with recognized beneficial effects in the prevention of disease. The production of yoghurt commenced in the Middle East and extended all over the world. Most of its health beneficial characteristics are due to the lactic acid bacteria (LAB) used during its fermentation process and their metabolites (Hashemi Gahruie et al. 2015; Shori 2015) . Probiotic yoghurt is the most prominent fermented product within the functional food industry (Gebara et al. 2015; Shori 2015) .
Cereal-based probiotic beverages
Lactose intolerance, milk allergy and the cholesterol content are major downsides encountered by dairy-based probiotic products, and with an increase in veganism there is also a demand for dairy-free vegetarian probiotic products. Also the addition of fruit and vegetable juices with probiotic bacteria has been studied as these are already positioned as healthy food products and are valued for their nutrient content such as minerals, dietary fibre, antioxidants and vitamins (Tuorila and Cardello 2002; Heenan et al. 2004; Shori 2016) . However, sensorial studies performed in these products have shown that they can develop off-flavours such as medicinal and savoury, which could negatively affect their acceptance within the market of probiotic foods (Luckow and Delahunty 2004; Luckow et al. 2005 Luckow et al. , 2006 .
Cereals present the most potential as an alternative for the creation of nondairy probiotic foods. Their recognized health-promoting effects can be exploited leading to the development of cereal-based probiotic products. As shown in Table 1 , cereals can be applied as nutrient sources that besides promoting several beneficial physiological effects can also stimulate the growth of lactobacilli and bifidobacteria (Charalampopoulos et al. 2002; Patel et al. 2004; Rathore et al. 2012; Herrera-Ponce et al. 2014) .
The role of flavour in probiotic cereal beverages
The success of cereal-based probiotic beverages requires that further to fulfilling probiotic requirements, they must also possess desirable physicochemical characteristics and organoleptic properties. This is a challenge for the food industry which commits to consumer sensory evaluation to assess whether a consumer likes a product, prefers it over another or finds it acceptable based on its sensory characteristics (Earle et al. 2001) . Present work in the area 
Barley, malt Mixed-culture fermentations in mixed and single cereal substrates produced similar values of cell units, but the production of organic acids was significantly different. Therefore, organoleptic properties are unique of each fermented cereal beverage.
L. acidophilus, and L. plantarum Rathore et al. (2012) Oat, germinated oat, malted oat Different inoculum levels did not exhibit a significant effect on probiotic lactobacilli growth. It was observed that protein supplemented simple, germinated and malted oat improved the cell viability of the probiotic strains. of nondairy probiotic food has been performed in fruit and soy-based fermented products where sensory, colour and rheological evaluations have been carried out (Chattopadhyay et al. 2013; Fonteles et al. 2013; Pereira et al. 2013; Perricone et al. 2014) . However, the assessment of volatile compounds of significant flavour properties in nondairy probiotic products has not been studied in depth.
The volatile compounds content in fermented foods significantly affect its aroma and has a considerable impact on all of its organoleptic characteristics. The flavour and aroma of fermented foods is composed of many volatile compounds; however, only a few are designated as aroma-impact compounds. In a first study to report the production of volatile compounds by the probiotic strain Lactobacillus plantarum NCIMB 8826 in cereal substrates (oat, wheat, barley and malt), 60 compounds were identified, including fatty acids and their esters, amides, alcohols, aldehydes, aromatic hydrocarbons, furans, ketones, peroxides and pyrans. Lactobacillus plantarum significantly affected the aroma profile of the four cereal media, and each fermented cereal beverage showed a specific volatile profile. Oat and barley media were significantly changed during fermentation, the most abundant volatiles detected in oat, wheat, barley and malt were oleic acid, linoleic acid, acetic acid and 5-hydroxymethylfurfural, respectively. From this study, it was concluded that the profiles of volatile compounds depend more on the substrate than on the lactobacilli strain (Salmeron et al. 2009 ). Profiles of volatile flavour compounds produced during the fermentation of barley and malt substrates (single cultured with Lactobacillus acidophilus, Lactobacillus reuteri and L. plantarum) were performed by headspace sampling with gas chromatography (HS-GC). It was observed that during the fermentation of barley and malt substrates single cultured with L. acidophilus, L. reuteri and L. plantarum the volatile content were unique for each of the formulations. Acetaldehyde, acetone and ethyl acetate values (2Á86, 1Á82 and 0Á39 mg l À1 , respectively)
were significantly higher in L. plantarum fermented malt substrates. Lactobacillus reuteri produced greater values of ethanol in the malt medium (2300 mg l À1 ) and the three LAB formed diacetyl only in the malt medium. These results reinforce that the cereal substrate plays a meaningful role for the production of imperative flavour compounds in Lactobacillus fermentations (Salmer on et al. 2015a). The fermentation kinetics of nine fermented cereal beverages was assessed to study the effect of cereal substrates and lactobacilli strains on the formation of volatile and nonvolatile compounds . In nearly all the cereal beverages, the highest cell growth was reached after 8 h of fermentation (6Á4-8Á2 log 10 CFU per ml), with pH values below 4Á2 in this period. It was observed that the highest concentrations of acetaldehyde, acetone, diacetyl, lactic acid and acetic acid were achieved in beverages formulated with malt. Oat and barley fermentations exhibited different amounts of volatiles depending on the lactobacilli strain employed.
The malt beverage inoculated with L. plantarum had the maximum amounts of acetaldehyde and diacetyl with concentrations of 6Á21 and 0Á38 mg l
À1
, respectively. The highest value of lactic acid (4Á2 g l À1 ) was obtained in the malt beverage inoculated with L. acidophilus. In some of the products, the concentrations of the flavour compounds detected were above their threshold, which indicates that these compounds could have an impact on the end flavour (Salmer on et al. 2014). The sensory characteristics of such beverages were later studied and it was observed that the effect of the lactobacilli strains and cereal substrate produced beverages of different physicochemical characteristics and acceptance. It was established that the beverages formulated with the L. plantarum were preferred according to the acceptability test. Throughout the correlation of the physicochemical parameters of the fermented cereal beverages with the acceptance assay, it was possible to identify that lactic acid fermented beverages with mid-pH concentrations were preferred. Also, cereal beverages with higher acetaldehyde concentrations were well accepted in the sensorial tests (Salmer on et al. 2015b). Therefore, it is clear that the cereal substrate used in the formulation has a significant impact during the development of cereal-based probiotic beverages. Further studies of mix cereal substrates and probiotic strains can evolve in the production of fermented cereal beverages of particular flavour characteristics.
Prebiotics and cereal beverages
Some of the health benefits driven by the consumption of cereal prebiotics in human diet are the reduction of diseases such as diabetes, hypertension, coronary heart disease, obesity and gastrointestinal disorders such as colorectal cancer (Berger et al. 2014) . The most common prebiotics used are carbohydrates of low digestibility namely xylooligosaccharides (XOS), pectic-oligosaccharides, mannooligosaccharides, transgalactosylated-oligosaccharides, chitooligosaccharides, arabinoxylanoligosaccharides (AXOS) and galactooligosaccharides (GOS) (Aachary et al. 2011; Damen et al. 2011; Duncan and Flint 2013) . The study of cereals and their health-promoting effects following consumption has given a special attention to the evaluation of whole grain fibre due to its prebiotic effects (Alminger and Eklund-Jonsson 2008 (Bernstein et al. 2013) . Prebiotics are selectively fermented by colonic bacteria that belong to several species which can be classified in three major groups: (i) Bifidobacterium and Lactobacillus, (ii) pathogenic bacteria like clostridia and (iii) other bacteria such as Bacteroides that can exert beneficial or nonbeneficial effects (Fig. 1) . Among these types of fermentations, the saccharolytic is preferred due to the production of health-recognized metabolites named short-chain fatty acids (SCFA) such as propionate, butyrate and acetate (Miremadi and Shah 2012) .
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Short-chain fatty acids Figure 1 Fermentation of prebiotics in the colon. Thus, it is clear that by the design of beverages formulated with whole grains and their specific fractions (see Table 2 ), these will have beneficial effects on the host by modulating the gut microbiota in addition to the bioactivities of dietary fibre components.
Processing of cereal prebiotics
The ingestion of whole grains provides a complex system of health benefit components; however, the properties of these might be affected during food processing practices (Alminger and Eklund-Jonsson 2008). In this sense, barley and oat are the most important sources of b-glucans; they are of great importance for the food industry due to their physical properties such as thickening, emulsification, gelation and stabilizing agents, which improve food textures and structures (Connolly et al. 2012; Xu et al. 2016) . The bioactive activities of b-glucans tend to diminish when the whole grains are subjected to harsh processing conditions such as milling or exposure to extended heat treatments. Hence, the application of mild processing conditions such as fermentation could support the development of cereal beverages with high b-glucans values (Alminger and Eklund-Jonsson 2008; Xu et al. 2016; Zhu et al. 2016) .
Food processing can significantly affect the contents of fructans, as these are heat sensitive and it has been observed that after dry heating, baking and heating in acidic or alkaline solutions, the values of these decrease. During pasta production, these compounds were extracted by the hot water during the cooking process, which represented losses of around 30 and 60% (Verspreet et al. 2015) . In bread baking, fructan damage is in the range of 20-45%; this degradation can be reduced using shorter baking times (Verspreet et al. 2015) . Hence, there is a great opportunity to design fermented cereal beverages with high fructan values as this process is performed at low temperatures (30-37°C) and the degradation of fructan by enzymatic activity can be diminished by employing appropriate probiotic strains.
Prebiotic cereal beverages
The development of an oat-fermented beverage with high b-glucan levels and supplemented with banana, to increase the palatability was studied as an alternative for people who suffer from intolerance to milk proteins or lactose (Goncerzewicz et al. 2016) . Oat milk has emerged as a potential market success on the basis of its therapeutic benefits attributed to the content of phytochemicals, dietary fibre such as b-glucan, and the absence of lactose and milk proteins. This beverage also has interesting functional properties due to the b-glucan content as it increases solution viscosity and can delay gastric emptying time (Sethi et al. 2016) . Some examples of cereal-based prebiotic beverages in the market are Proviva â (an oat based drink) manufactured by Probi (Lund, Sweden), and Whole Grain Probiotic Liquid â manufactured by Grainfields (Brisbane Australia). Further research has been performed to develop acceptable prebiotic cereal beverages by applying sonication to decrease the effect of post-acidification caused by LAB during storage of a rice fermented beverage enriched with b-glucans (Bevilacqua et al. 2016 ). An important issue in the development of novel beverages containing oat and barley b-glucans is to outline the correct dose that will confer the health benefits such as the reduction of blood cholesterol and LDL levels. It has been exhibited that the physiological functions attributed to these compounds are closely related to the physicochemical properties such as viscosity and molecular weight (MW). So a high MW b-glucan is desired in a daily dose of 3 g day À1 as stipulated by Health Canada, it should be considered that this would be affected by the source of b-glucan and method of food processing (Nwachukwu et al. 2015) .
Synbiotic cereal beverages
The importance in using formulations of prebiotics and probiotics emerged when it was demonstrated that these components were able to improve the intestinal homeostasis and general health of the host (Pandey et al. 2015) . The evaluation of the sensorial and physicochemical attributes of novel cereal-based synbiotic beverages is also an important feature that needs to be assess as consumer acceptance of new products is strongly affected by these properties. During the evaluation of potentially synbiotic beverages formulated with soy and quinoa, substrates supplemented with fructooligosaccharides and fermented with the probiotic strain Lactobacillus casei LC-1 physicochemical parameters such as pH, acidity, cell viability were assessed during a storage period and afterwards sensory and rheological attributes were tested in the five distinct formulations of different soy:quinoa proportions. The pH values of the synbiotic beverages after fermentation ranged from 4Á40 to 4Á49, acidity values were of 0Á35-0Á60%, and after a storage period of 28 days pH values dropped to 3Á40-3Á59 while acidity levels increased from 0Á91 to 1Á53%. Cell populations in these beverages after storage ranged from 9Á02 to 9Á42 log10 CFU per ml. The highest cell populations and acidity were registered in the synbiotic beverage formulated with 100% soy extract followed by the beverage formulated with 70% soy extract and 30% quinoa extract (9Á37 log 10 CFU per ml); in the sensory assessment, these two formulations had the highest flavour, colour, aroma, consistency and overall impression. Thus, this study showed that a nondairy synbiotic beverage formulated with soy
Letters in Applied Microbiology 65, 114--124 © 2017 The Society for Applied Microbiology and quinoa could support the growth of a probiotic strain, holds prebiotic characteristics and has acceptable sensory attributes (Bianchi et al. 2015) . In the assessment of wheat, synbiotic beverages based on wheat-milk enhanced with strawberry, mango and chocolate and further fermented with a probiotic cocktail (L. acidophilus ATCC 20552, Bifidobacterium animalis subsp. lactis Bb 12 and Streptococcus salivarius ssp. thermophilus), it was observed that these had specific physicochemical, microbiology and sensory characteristics. The pH of 4Á9 that was used as an endpoint of the fermentation dropped during the storage period of 21 days (4°C) to levels around 4Á0-4Á4. Probiotic counts of L. acidophilus and Bifidobacterium Bb12 were in the range of 4Á0-4Á1 log 10 CFU per ml in wheat-milk and fruit beverages, whereas the wheat-milk chocolate beverage has the highest value 4Á79 log 10 CFU per ml. Streptococcus salivarius counts were in the range of 3Á3-3Á4 log 10 CFU per ml after storage. In the sensory assessment, it was observed that there was no significant difference in colour, texture, taste and odour registering suitable overall acceptability scores; thus, fermented wheat-milk synbiotic beverages embrace an acceptable flavour (El-Zainy et al. 2012). Synbiotics modify the intestinal microbiota and improve microbial interactions with the immune system and gut epithelium. They also have a promising potential to be used in the treatment of autism and in studies demonstrating the gut-brain connection (Vyas and Ranganathan 2012) . Hence, some of the health benefits in humans conferred after the intake of synbiotics include (i) improvement of liver function in cirrhotic patients, (ii) increased levels of lactobacilli and bifidobacteria and balanced gut microbiota, (iii) prevention of bacterial translocation and reduced incidences of nosocomial infections in surgical patients, (iv) improvement of the immunomodulating ability, etc. (Pandey et al. 2015) . Synbiotics have shown potential application in controlling blood lipid profiles as during in vivo tests L. acidophilus fermented rice bran exhibited promising results in modulating lipid metabolism. There is also sufficient evidence to establish that synbiotics produce anti-neoplastic effects, and improve calcium absorption in the colon (Pandey et al. 2015) . By clinical trials, it has been suggested that probiotic or synbiotic intake might prevent or decrease high blood glucose levels in diabetic or nondiabetic participants. This is attributed to the modulation of the gut microbiota improves glucose absorption by producing insulinotropic polypeptides and glucagon-like peptides (Nikbakht et al. 2016) . Furthermore, other studies have observed that probiotics and synbiotics have nonsignificant effects on improving fasting blood glucose (Nikbakht et al. 2016) . Thus, there is a great potential to conduct trials with different probiotic bacteria and cereal prebiotics establish if there are potential synbiotic cereal beverages that significantly improve blood glucose. Moreover, the use of probiotic/synbiotic formulations as therapy of critical illness require further studies as in certain human trials it has been observed that probiotics had greater effect than synbiotics on infections. Nevertheless, there was no significant difference in this trail, thus more information on the particular effects of prebiotic components is needed. In this sense, the application of the 16S rRNA gene sequencing technique can significantly improve the quality of studies evaluating the effect of probiotics or synbiotics in restoring the microbiome after the treatment of critical illness (Manzanares et al. 2016 ). This will improve the design of specific cereal-based synbiotic formulations that will provide greater gastrointestinal health benefits.
Nanotechnology and functional cereal-based drinks
The food industry has to carry out continuous research and technological improvements to meet challenges and consumer demands. This is no exception for the functional food segment as novel food components with potential health attributes are constantly being discovered or developed; thus, these need to be introduced to a food product and it has to be guaranteed that such components will reach the desired active site. Nanoscience has developed knowledge that can be applied in the food and bioprocessing industries so the food chain can benefit from the application of Nanotechnology (Neethirajan and Jayas 2011) . The design of food grade nanoparticles FGNP poses great potential for their incorporation into novel cereal beverages; however, it is still required to assess the effect of the passage throughout the gastrointestinal tract until they reach the desired target site. Currently, there are not many in vivo studies that evaluate the exposure of FGNP to the human gastrointestinal tract, an important factor to consider is the transit time employed by the FGNP after intake. Once food goes into the stomach, it is exposed to harsh conditions mainly due to the exposure to hydrochloric acid, gastric lipase and pepsin at pH levels of 1Á0-5Á0 for times that range from 15 min to 3 h. It is then shifted to the small intestine where it is exposed to higher pH levels 6Á0-7Á5 for 2-5 h. Finally, it reaches the colon where the pH is of 5Á0-7Á0 with a residence time of 12-24 h (Hannon et al. 2015) . The evaluation of the exposure of the designed FGNP to the gut pH, bile salts and time should be closely studied to determine the bioactivity of these and evaluate whether they can be incorporated into the formulation of novel fermented cereal beverages. Due to the particular physicochemical and health attributes of nanoparticles of natural origin extracted from plants, vegetables, fruits and cereals and inorganic FGNP compounds such as zinc oxide particles that pose antidiabetic effects (Umrani and Paknikar 2013; El-Gharbawy et al. 2016) , gold nanoparticles that have exhibited promising applications in the development of anticancer drugs (Zhu and Liao 2015) , nano-inorganic metal oxide (Tang and Lv 2014) and silver nanoparticles (Le Ouay and Stellacci 2015) that have good antibacterial properties, there is great interest to develop novel synthesis methods that will improve the incorporation of these particles into different food matrices (Kalakotla et al. 2015) .
Nanoencapsulation for the delivery of food bioactive components
The development of novel FGNP of organic or inorganic composition will require to be able to pass through the harsh conditions of the gastrointestinal tract; therefore, a novel trend in food technology includes the development of nanocapsules and nanogels. These techniques can improve the delivery of bioactive compounds and will allow the design of specific healthy foods such as synbiotics. An additional consideration is that the molecules used to design nanomaterials must be GRAS (Generally Recognized as Safe; FDS, Silver Spring, MD), the most common nanomaterials are biopolymers designed from proteins and carbohydrates. Polysaccharides are interesting molecules produced by nature and a common source of food; they hold gelling capabilities and can be employed not only to nanoencapsulate molecules of different physicochemical properties, but also heterogeneous biological structures such as phages. The versatility of polysaccharides is that they have hydrophobic and hydrophilic motifs with flexible extension in the same molecule that generates matrices sensitive to environmental conditions. Moreover, the physicochemical characteristics of polysaccharides can be modulated throughout the use of enzymes, which allows the design of unique structures by varying their diameter, pore size, loading and surface characteristics. This is a remarkable feature because the control of the particle surface determines the interaction within the cell surface and can modulate the delivery of the FGNP in the gastrointestinal tract (Santiago and Castro 2016) . Further research is therefore required in the area of polysaccharides, like those obtained from cereal sources, that could be used to design nanocapsules with bioactive compounds applied in the formulation of unique health improvement fermented cereal beverages.
Colloidal delivery systems for FGNP
The development of delivery systems such as polymerbased microparticles, micelles and liposomes has greatly enhanced the field of food technology specifically the segment of functional foods due to the improvement in the incorporation of nonsoluble health-promoting molecules into food products. Colloidal dispersions can be defined as 'those dispersions that consist of at least two phases one or more dispersed or internal phases, and a continuous or external phase called the dispersion medium or vehicle. These are characterized from solutions and coarse dispersions by the particle size of the dispersed phase, and not its composition. Hence, colloidal dispersions contain one or more substances that have at least one dimension in the range of 1-10 nm at the lower end and a few lm at the upper end' (Bowman et al. 2006) . Colloidal delivery systems are conformed of three particular types: (i) solid-inliquid dispersions, (ii) liquid-in-liquid dispersions and (iii) dispersions of self-assembled molecules (Ismail et al. 2015 ). These systems have made possible the incorporation of lipid molecules in different products. This has increased the interest in applying seed oils of different herbal materials in food formulations as their compounds have particular phytochemicals with significant antioxidant properties (Gumus et al. 2015) . There is great potential to apply colloidal dispersions in the form of nanoemulsions to deliver FGNP that contain water insoluble molecules that were not attractive to be used before due to their poor soluble characteristics. Thus, there is a great range of healthy foods that can be designed such as cereal-based fermented beverages formulated with nanomolecules of great health attributes.
Conclusion
Fermented foods have been used since ancient times; their consumption prevails today and has a solid future due to their consumer acceptance and beneficial properties. However, their design has changed according to advances in food technology and interests in the development of novel products with enhanced health properties. In the area of fermented functional products, probiotics, prebiotics and synbiotics have experienced great success in the last two decades. Nowadays, with the aid of Nanoscience, novel products can be formulated, like cereal-based beverages, with the ability to fulfil synbiotic attributes which incorporate additional health improvement molecules without affecting their physicochemical, rheological and sensorial characteristics.
